Abstract-In this paper we consider a multi-item distribution channel subject to supplier's credit period and retailer's promotional effort with sales learning curve. We determine the retailer's promotional effort for each item and the joint replenishment cycle in both decentralized and centralized decision models. We show that the profits for both parties increase under the centralized decision model when the credit period is kept within an appropriate range. The impacts of credit period and sales learning curve on the behavior of the channel are also discussed. We conclude with computation analyses that lead to a variety of management insights.
INTRODUCTION
Retailer promotional activity has become more and more common in today's business world. For example, McDonald's and Burger King use coupons to stimulate demand; Wall-Mart and Costco provide price discount for specific electric equipment to stimulate its demand. Krishnam et al. [1] stated that the promotional strategies include price cuts, displays, free goods, and advertising. Too many promotions may incur residual costs and too few may result in lower profit. Therefore, the promotion policy is very important for the retailer. This paper incorporates the retailer's promotion effort decision into an inventory model.
In the real world replenishment and inventory control are truly large scale problems, often involving dozens or even hundreds of items. In a multi-item distribution channel, considerable savings can be realized during the replenishment by coordinating the ordering of several different items. Joint multi-item replenishment strategies have been widely applied in the real world, for example, the supplying of parts for automotive assembly (Hahm and Yano [2] ) or of refrigerated goods to supermarkets (Hammer [3] ). Several researchers (e.g. Rempala [4] , Chen and Chen [5] ) have proposed models and algorithms for solving multi-item replenishment problems for different situations.
In practice, the supplier often provides forward financing to the retailer. Goyal [6] , Chang et al. [7] , and Teng [8] determined the optimal ordering policy from the retailer's perspective for different situations, given a credit period. From the perspective of suppliers, Kim et al. [9] , Abad and Jaggi [10] , and Sheen and Tsao [11] determined the optimal credit policy needed to maximize supplier profit with price-dependent demand functions. It is essential to consider the practice of trade credit when formulating a decision-making model. However, all the above researchers considered only the singleitem inventory problem, ignoring the effect of promotion and multi-item replenishment.
In addition, sales learning curve has been discussed by Leslie and Holloway [12] . They examined the concept of sales learning curve: The more times a process is repeated, the more efficient it becomes and the lower its cost. This means that the promotion cost will decrease over time in this model. The main contributions of this paper to the literature include: First, this is the first study to consider the supplier's credit period and retailer multi-item replenishment and promotion policies. Second, this is the first study to incorporate the idea of sales learning curve into the promotion cost. Third, this paper utilizes the credit period as a mechanism to increase supplier's and retailer's profits and shows the distribution of the increasable profit.
The following notations are used in this study. 
DECENTRALIZED DECISION MODEL
In the decentralized decision model, the retailer determines the promotion and replenishment decisions to maximize her/his profit. The retailer's profit is:
(
The supplier's profit is given by
The retailer determines her/his optimal promotional effort i ρ for item i and the replenishment cycle T. We use the following lemma to discuss the optimal solution.
satisfied for all i, i=1,2,…,n. From Winston [13] , this means that there must exists a
□ Let 
Equation (3) is the optimal replenishment cycle in the decentralized decision model when all promotional efforts are given. The replenishment quantity for item i is
CENTRALIZED DECISION MODEL
In the centralized decision model, the promotional effort and the replenishment cycle are determined to maximize the channel's profit. The channel's profit is defined as the sum of the retailer's profit and the supplier's profit as 
Equation (5) is the optimal replenishment cycle in the centralized decision model when promotional effort for each item is given. And the replenishment quantity for item i is (1) and (2), we obtain ( , ) 
,
holds. This completes the proof of (b). □ The best condition is that each party will be willing to make decisions from the perspective of the channel when profit will not be sacrificed. The profits of suppliers and the retailers in the decentralized decision model are viewed as the lower bounds for the model in the centralized decision model. Let S Π (i.e. ) (
) represent the maximal profit of the supplier and the retailer in the decentralized decision model. Propositions 2 and 3 show that profits for both parties increase under the centralized decision model when the credit period is kept within an appropriate range and the distribution of the increasable profit, respectively. Proposition 2. Profits for both parties increase under centralized decision model when the credit period provided is determined within the appropriate range Figure 2 shows the relationship among the extreme value of credit period and the promotional efforts. In Table 1 , we compare the individual profit (i.e. S Π or R Π ) obtained in the decentralized decision model with the corresponding individual profit (i.e.
obtained from the decentralized decision model. We observe that the profits of both the suppliers and the retailers increase when ' t is within ( min t =3.897, max t =7.709). The amount of increasable channel profit distributed to the vendor and the buyer will depend on the choice of the credit period t. It shows that the profits for both parties increase It is interesting to discuss the influence from the sales learning curve. From Table 2 , we find that 
CONCLUSION
This paper examines a multi-item distribution channel subject to supplier's credit period and retailer's promotional effort with sales learning curve. We determined the retailer's promotional effort for each item and the joint replenishment cycle in both decentralized and centralized decision models. We show that profits for both parties increase under centralized decision model when the credit period is kept within an appropriate range. The impacts of credit period and sales learning curve on the behavior of the channel have also been discussed.
